To compare and assess the efficacy, safety and utility of hand-assisted laparoscopic surgery (HALS) with open surgery (OS) in total colectomy with ileorectal for colonic inertia.
INTRODUCTION
Colonic inertia is a common cause of chronic functional constipation. It mainly brings about slow colonic transit, leading to symptoms such as severe abdominal pain, abdominal fullness, and nausea. These patients usually have a long history of laxative abuse and turn dependent on these drugs. However, a patient with colonic inertia who fails to respond to medical therapy may finally need surgery. There have been various colorectal operations developed for colonic inertia. Nonetheless, several surgeons have demonstrated that the better surgical treatment was total colectomy with an ileorectal anastomosis [1, 2] . In recent years, minimally invasive approaches, such as laparoscopic surgery, are widely accepted in general surgery and gradually becoming a preferred routine technique in colorectal surgery as well. The JKSS Dan Yang Wang, et al: HALS total colectomy for colonic inertia immediate benefits are obvious, but the disadvantages include loss of direct tactile sensation, hand-eye coordination during laparoscopic surgery and longer time for training, especially in extensive colorectal procedures such as total colectomy [3] . In 1994, Leahy et al. [4] designed the hand-assisted devices for laparoscopic colon surgery, This hybrid operation allows the surgeon to introduce a hand into the abdominal cavity through a special hand port while maintaining the pneumoperitoneum [5] . Several studies have demonstrated that hand-assisted lapa roscopic surgery (HALS) could be a more preferable procedure than standard laparoscopic surgery or open total colectomy [5, 6] . However, few studies have ever focused on HALS with total colectomy for the treat ment of colonic inertia. Consequently, the purpose of this study is to evaluate the safety and feasibility of hand-assisted lapa roscopic total colectomy compared with traditional lapa ro tomy for colonic inertia.
METHODS

Patients
We carried out a retrospective analysis of 124 consecutive patients who were diagnosed with colonic inertia and failed to respond to medical treatments from January 2001 to February 2012 in Department of Colorectal Surgery, The First Affiliated Hospital, Zhejiang University. In all cases, careful clinical evaluations (containing digital rectal examination and psychological con sult) were performed and the disease was established with the diagnostic workup including: colonoscopy, defecography, colonic transit test, manometry, and balloon expulsion. Pru dently, we defined a positive colonic transit test as any pa tient who had more than 20% of radiopaque markers still present in the colorectum after 120 hours. Anal manometry, defecography, and balloon expulsion test were conducted to assure no outlet obstructed defecation. Colonoscopy was done to ensure that no mechanical obstruction such as tumor accounted for the constipation or other colorectal pathological changes. Eligible patients were those in complete accord with the positive colonic transit test, but the colonoscopy, defe cography, manometry, and balloon expulsion were shown to be normal. Fifty-six patients underwent a HALS total colectomy with ileorectal anastomosis. Another 68 patients underwent open surgery (OS).
Perioperative management
The two groups' patients received similar perioperative mana gement during the whole hospitalization. Preoperatively, all patients underwent mechanical bowel preparation; injected anti biotics thirty minutes before operation. Postoperatively, pain management with patient controlled analgesia was per formed.
All patients were treated with antibiotics and total parenteral nutrition (TPN), stopped TPN and recovered liquid diet when first passage of flatus happened.
Surgical technique
HALS group
The operation was performed with the patient in the lithotomy position, the surgeon stood between the two legs of the patient. Initially, A 10-mm trocar was passed into the abdomen through a small incision made just above the umbilicus. A 10-mm laparoscope was inserted through the supraumbilical trocar, and a diagnostic laparoscopy was performed after a satisfactory pneumoperitoneum was established. Then a LapDisc (Ethicon Endo-Surgery Inc., Cincinnati, OH, USA), the hand-assisted device, could be placed through a 6-to 7-cm transverse incision in the lower abdomen (about 3 cm above pubic bone), the assisted hand was sequentially put into the abdominal cavity through the LapDisc. Moreover, another one or two 10-mm trocar was inserted in the left or right lower quadrant for the insertion of the ultrasonic scalpel ( Fig.  1 ). The colon marginal or the terminal blood vessels were ligated by ultrasonic scalpel to liberate the mesocolon in the order of sigmoid colon, descending colon, transverse colon, ascending colon, and cecum. Then, the mobilized total colon was brought out through the LapDisc and the ileorectal endto-end anastomosis was performed by the Valtrac anastomosis ring (Tyco, Princeton, NJ, USA) under direct vision. Finally, we closed the mesenteric slit pore and the wound with a closed drain in the pelvis. In order to avoid mutilation of rectus abdominis and to get a better cosmetic appearance, since 2007, the position of LapDisc has been changed to surround the umbilicus. Then, four 10-mm trocars were inserted 3-4 cm below the xiphoid, in the left and right midabdomen (at the level of umbilicus), and in the suprapubic region, respectively, for laparoscope and ultrasonic scalpel (Fig. 2) . We found that the modified incision became smaller and imperceptible after several months because of constriction of the umbilicus.
OS group
The operation was performed with the patient in the lithotomy position, as well. The abdomen was entered via a standard midline laparotomy with an 18-to 25-cm incision and the entire procedure including mobilization, resection, anastomosis and draining was similar with HALS except that it was performed under direct vision.
Two groups' data including clinical manifestations, conversion to open procedure, operative time, intraoperative blood loss, incision length, pain score, time to first flatus and hospita lization, early postoperative complications, and hos pitalization cost were retrospectively analyzed by SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA) using the t-tests (measurement data) or chi-square test (enumeration data) where appropriate. A P-value < 0.05 was considered to be statistically significant. Postoperative defecating frequencies of the patients were observed continuously for at least for 12 months in both groups.
RESULTS
All 124 patients received successful total colectomy with ileorectal anastomosis (56 HALS vs. 68 OS), no surgical mortality or severe complication happened during operation in both groups and no conversion to an exploratory laparotomy was required in HALS group. The clinical features such as age, gender, body mass index, course of disease, and complicated diseases were well matched (Table 1) . Surgical results are presented in Table 2 , showing that the estimated blood loss, incision length, pain score, first passing of flatus time, and postoperative hospitalization time were better in HALS group (P < 0.05). The early postoperative complications were similar. But the mean operative time was longer and hospitalizing cost was higher in HALS group than those in OS group (P < 0.05). The constipation symptoms were significantly relieved, and 
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Dan Yang Wang, et al: HALS total colectomy for colonic inertia the defecation frequency was 4-6 times per day in both groups after two weeks of surgery. All of the patients in HALS group were satisfied with the appearance of the abdominal scar. Patients were followed up for more than 12 months, and the defecating frequencies were found to be similar in both groups at the 12th month. Two patients in OS developed adhesive intestinal obstruction within 3 months after surgery, who then received appropriate medical treatments. Two patients in HALS and 4 in OS group had constipation recurrence and needed some laxatives again after several months. Pathology examination was conducted on all specimens. Inte stinal mesenteric ganglion cells decreased in 112 cases out of the total 124 cases, with absence in the other 12 cases, 74 cases reported complicated with melanosis mucosa.
DISCUSSION
Diagnosis and treatment of colonic inertia
The term colonic inertia is characterized by prolonged delay in the transit of stool through the colon without any other underlying causes such as systemic disorder, mechanical ileus or pelvic floor dysfunction. The most common clinical features include refractory constipation, abdominal pain, abdo minal distension, and nausea. Necessary physiological exa minations include colonic transit test, colonoscopy, anal manometry, defecography, and balloon expulsion [7, 8] . In this study, all eligible patients showed positive results in colonic transit test, but the colonoscopy, defecography, manometry, and balloon expulsion showed to be normal. Pathologically, this disease may be caused by enteric neuropathy resulting from abnormality of the enteric nervous system. Several studies revealed that this abnormality was considered to be related to a decrease in the interstitial cell of Cajal, which was recognized as an in testinal pacemaker and mainly situated in the submucosal and myenteric plexus of the bowel wall [2, 7, 9] . On the contrary, Toman et al. [10] demonstrated that the decreased numbers of interstitial cells of Cajal did not significantly contribute to colonic inertia. Accordingly, the nose tiology of the disease still remained uncertain. In our study, intestinal mesenteric ganglion cells decreased in 112 cases of 124 cases, with absence in the other 12 cases, which may support the former viewpoint. Many patients with colonic inertia have a long history of laxative abuse and become dependent on these drugs. Unfortunately, surgery usually is the final choice for the patient with severe, unremitting constipation who fails to respond to medical therapy. There have been various colorectal operations developed for colonic inertia. However, several surgeons had demonstrated that the better surgical treatment for colonic inertia was a total colectomy with an ileorectal anastomosis [1] .
Surgical technique for total colectomy
Generally speaking, there are three types of procedures that could be selected for total colectomy with an ileorectal anastomosis: OS, laparoscopic surgery, and HALS. As a benign colon disease, the patients are usually young, active, and highly motivated individuals who desire a cosmetically appealing and functional result [11] . Patients who require this operation for colonic inertia could be good candidates for minimally invasive surgery (MIS).
Laparoscopic technique has been currently adopted diffusely as a predominant MIS. Laparoscopic colorectal surgery was introduced in 1991 [12] , which is usually associated with timecon suming, technically demanding, high conversion rate and has a long, steep learning curve [3, 13, 14] , since surgeons need to handle a long mobile colon, and operate on multiple abdominal quadrants. Consequently, a new surgical procedure called HALS was introduced in the mid 1990s as a useful alternative to pure laparoscopic procedures [15] . This hybrid operation allows the surgeon to introduce the nondominant hand into the abdominal cavity through a special hand port while maintaining the pneumoperitoneum [4] . The most suitable operations for HALS are those that require extraction of a specimen and therefore necessitate an incision anyway [16] , so it is a natural fit for HALS total colectomy. With the special hand port device, surgeons regain tactile feedback, can complete blunt dissection, retraction, control of bleeding, and organ removal simply [17] . Especially, if the surgeon is inexperienced in laparoscopic operations, HALS in some difficult parts of the operation may be useful [18] .
Compared with OS, the majority of existing reports, espe cially in three RCTs [19] [20] [21] , HALS is associated with less blood loss, less pain, higher cosmesis scores, faster postoperative recovery, shorter length of hospital stay and incision than OS but longer operative time and higher cost. Moreover, there is no difference in the complication occurrence, morbidity and functional outcome. Hsiao et al. [7] carried out HALS total colectomy on 44 patients with colonic inertia and compared his results with those of open procedure, which were demonstrated by Webster and Dayton [1] for the same disease. As a result, the former provided better clinical utility: Respectively, hospital stay (7.6 days vs. 10 days), prolonged ileus (11.4% vs. 24%), small bowel obstruction (4.5% vs. 4%), and mean bowel frequency (2.3 times per day vs. 3 times per day). In our study, less blood loss, smaller incision, lower pain score, faster first passing flatus, and shorter postoperative hospitalization time were observed in HALS group compared with OS group, which demonstrated the superiority of HALS in minimal invasiveness and fast recovery. The security was confirmed due to the similar early postoperative complication rates. We believe the operative time will become shorter as surgeons become more skilled. Although the hospitalizing cost was higher in HALS group, it was worthwhile considering the benefits.
In summary, HALS total colectomy with ileorectal anastomosis for colonic inertia is feasible and safe. It significantly reduces invasiveness compared with laparotomy while maintaining blood loss and postoperative complications. It combines the advantages of both laparoscopic (minimally invasive) and conventional OS [14] . However, it is a retro spective study and more randomized controlled trials are needed to further define the potential benefits of HALS over con ventional OS for colonic inertia.
